Power system stability may be defined as the property of a power system that enables it to remain in a 
INTRODUCTION
Stability in general, is a condition of equilibrium between opposing forces. In case of power systems, electric power generation and consumption are the opposing forces. Power system stability is the ability of the system to remain in operating equilibrium which is achieved between the electric power generation and consumption. Instability results when a system change or the disturbance leads to an imbalance between the forces in opposition. Power system stability can be classified as follows:
• Power system stability is classified into Rotor angle stability, Frequency stability and Voltage stability.
• The size of the disturbance: It can be a small scale disturbance (e.g. change in load) or a large disturbance (e.g. failure of a generator) • The time span to be considered for assessing stability: Short term stability(of the order of several seconds) and Long term stability (of the order of several minutes)
Rotor angle stability refers to the ability of the synchronous machines of an interconnected power system to remain in synchronism after being subjected to a disturbance. It is further divided into small signal (or small disturbance) rotor angle stability and large signal rotor angle stability or transient stability. Frequency stability refers to the ability of the power system to maintain steady frequency following a severe disturbance, causing considerable imbalance between generation and load. Frequency stability can be a short term or a long term phenomenon. Voltage Stability Voltage stability is the ability of the power system to maintain steady acceptable voltages at all buses in the system at normal operating conditions and after being subjected to a disturbance. A power system is "voltage stable" if voltages at respective buses after a disturbance are close to voltages at normal operating conditions [1] .
VOLTAGE INSTABILITY AND VOLTAGE

COLLAPSE
Voltage instability results from a progressive fall or rise of voltages of some buses. Voltage instability can be seen as uncontrollability of voltage magnitude at a number of buses of a power system.
Normally, power system operation is represented by power generation, load demand and adequate supply of power to loads at all times. Loads are usually the components which drive the power system to instability. When a disturbance occurs, the power consumed by loads is restored by the action of voltage regulators, tap changing transformers, etc., (load dynamics). These restored loads stress the high voltage network by consuming more reactive power. This further reduces voltages. The worst case situation arises when the above mentioned load dynamics increases the reactive power demand to such an extent that it exceeds the reactive power capability of the transmission and generation systems. Voltage instability is hence a state in which the power system no longer behaves in a predictable manner in response to operating changes. The following are the causes for voltage stability.
• Under load tap changing (ULTC) action during low voltage conditions: Several previous studies have shown that the conventional tap changer controller is an important contributor to voltage collapse, since it always aims to restore its controlled voltage, even following severe disturbances in the transmission system.
• Un favorable load characteristics [2] • Poor co-ordination between various protective and control systems like generator excitation protection, armature over current protection, phase shifting regulators, etc.
• A small gradual system change such as normal increment in system load, leading to an initial voltage dip which in turn leads to further voltage dips.
Voltage Collapse Mechanism
A typical voltage collapse scenario is outlined below considering some types of system contingencies:
• Large generating units near the load centers are out of service and the power system experiences abnormal operating conditions. As a result, some EHV (Extra high voltage) lines are heavily loaded and reactive power resources are at a minimum.
• The loss of a heavily loaded line would cause additional loading on the remaining neighboring lines. Consequently, the reactive power losses in the lines would increase thereby resulting in heavy reactive power demand on the system. 
Prevention of Voltage Collapse
This section discusses the several methods available for prevention of voltage collapse.
• Providing sufficient reactive power to a power system is the first defense against voltage collapse. Use of control systems such as fast-acting automatic voltage regulators, automatic controls for switching of capacitor banks. Use of Excitation control systems have to be properly set and co-ordinated. This is to ensure that the full reactive power capability of generators is available for system voltage support during decaying voltage conditions. • Reducing Further the load is another means to provide support for system voltage. During decaying system voltage conditions, actions to increase distribution voltage levels by using tap changers can be blocked manually or automatically when collapsing voltage conditions are recognized.
• Load shedding programs are applied on a more common basis to prevent voltage collapse. Shedding load to mitigate voltage collapse should be implemented only after all other efforts to avoid a total voltage collapse have been exhausted. Manual load shedding programs can be effective in stabilizing a gradually collapsing system voltage. In such cases, pre-planned guidelines and procedures are developed for system operators to initiate load dropping when a voltage collapse is evolving. The difficulty with a manual system is that the burden is placed on human judgment to recognize the problem that exists and to determine that the only recourse is to shed load. response to changes in the system voltage. For this reason they are often operated at close to their zero-point in order to maximize the reactive power correction they can rapidly provide when required. They are l cheaper, faster, and more reliable than dynamic compensation schemes such as synchronous condensers.
Static VAr Compensator (SVC)
Static
Static Synchronous Compensator (STATCOM)
It is based on a power electronics voltage-source converter and can act as either a source or a sink of reactive AC power to an electricity network. It is a member of the FACTS family of devices. Usually a STATCOM is installed to improve voltage stability. If the amplitude of output voltage is increased above the utility bus voltage, then a current flows from converter to ac system and the converter generates reactive power for the system. If the amplitude of the output voltage is decreased below the utility bus voltage, then the current flows from the ac system to the converter which absorbs the inductive reactive power from the ac system. If the output voltage equals the ac system voltage, reactive power exchange becomes zero and the STATCOM is said to be in floating state [3] .
A STATCOM can improve power system performance in the following areas: 
VOLTAGE STABILITY ANALYSIS
The various methods available to study the voltage stability of a power system can be divided into static and dynamic analysis methods.
The static analysis provides snapshots of the system conditions at various instants of time and results in reducing the entire system equations to purely algebraic equations. In static analysis, the steady state stability of the system is determined using load flow equations. In these studies, it is assumed that all dynamics have died out and all controllers have performed their operations correctly. Steady state voltage stability studies pertain to long term voltage stability.
Dynamic analysis is based on the theory that voltage stability is a dynamic phenomenon. Time domain dynamic simulations enable representation of all possible incidents leading to voltage instability in chronological order. The dynamics of the power system is modeled as differential equations [4] . Dynamics of system's control and protection devices are considered so that practical and accurate definition of the system's stability limits is obtained more accurately.5]
Static Voltage Stability Analysis
The static approach captures snapshots of system conditions at various time frames along the time-domain trajectory. At each of these time instants, the time derivatives of the state variables are assumed to be zero, and the state variables take on values appropriate to the specific time frame. Consequently, the system can be represented in terms of purely algebraic equations allowing the use of static analysis techniques [6] In the past, conventional power-flow programs using methods In addition to PV and QV curves, voltage stability indices have been formulated which serve as indicators of static voltage stability. These indices enable identification of weak parts of the system and also denote the closeness to voltage collapse.
VOLTAGE STABILITY INDICES
The purpose of voltage stability indices is to locate the weakest bus in the system and the most critical line connected to it. These indices may be based on the lines ( This work focuses on use of line voltage stability indices in determining critical lines and hence the weakest bus in the power system [7] .
WSCC 9 BUS TEST SYSTEM
This is a Western Systems Coordinating Council test system with three synchronous machines and nine buses. The synchronous machines are provided with IEEE type-1 exciters. The synchronous machines may be provided with automatic voltage regulators. The system consists of three loads at buses 5, 6 and 8.
Fig 1 WSCC 9 BUS TEST SYSTEM
Analysis of 9 Bus System Using Indices
The 9 bus test system was analyzed on similar lines as the IEEE 14 bus test system. The system without any reactive power compensation by FACTS devices was considered and the load buses (5, 6 and 8) were subjected to various loadings. The loadings were of the form of increasing real power alone, increasing reactive power alone and then increasing both real and reactive powers simultaneously. The Newton Raphson power flow program was run for the various loadings and then the load flow results were entered into a MATLAB program which gave the Line Stability Index and Line Stability Factor as outputs. The critical lines were found to be lines 5 and 6 as indicated by the values of indices (closer to 1). These critical lines were found to be either directly connected to or in the proximity of bus 5. Bus 5 was identified as the weakest bus and following connection of STATCOM at bus 5, the indices were recalculated. 
Analysis of 9 Bus System Using QV Curves
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Maximum reactive power for the case without compensation was -3.17pu and with STATCOM it was -3.35 pu indicating that the connection of STATCOM improved the reactive power load ability and hence the voltage stability.
However, once again the QV curve for change in FACTS device to SVC or in position of connection of FACTS device rendered the same QV curve as shown in Fig 3. 
Comparison of Svc/Statcom In 9 Bus System
With Continuous Power Flow (Cpf)
The nine bus test system was subjected to continuation power flow and the maximum loading parameter was found to be 1.6216.
SVC was first used to provide reactive power compensation. There were three possible locations for SVC, namely the load buses 5, 6 and 8. The best position for connection of SVC (Bus 8) was determined by running CPF after placing the SVC at the three load buses in turn. The PV curves in Fig 4 and the bar graph in Fig 5 illustrate that SVC at bus 8 provides the maximum load ability and hence improves voltage stability to the largest extent.
Next STATCOM was used for reactive power compensation and again the best place for its connection was determined. STATCOM was placed at the load buses of 5, 6 and 8 and the continuation power flow was run. Maximum lambda or loading parameter was obtained for STATCOM connection at bus 5. Fig 6 and.7 show the PV curves and maximum loading parameter values for the three cases.
Finally three cases were taken and the continuation power voltage curves were obtained as shown in Fig 8 . These cases were that of 9 bus system without FACTS, with SVC at bus 8 and with STATCOM at bus 5. As can be seen, SVC improved the system's real power load ability limit compared to the system with no reactive power compensation as can be seen from the "nose" of the curves. STATCOM further improved the voltage stability with the voltage showing little variation with real power loading when considered in the same range of loading as the SVC case. The bar graph in Fig 9 shows the values of maximum loading parameter. 
CONCLUSIONS
The required objective is fulfilled .The results show that with FACTS devices the power system is less prone to voltage collapse at the load buses during heavily loaded conditions on the load buses. The reactive power supplied at the load buses has improved the power system stability.
